Introduction
The development of mammalian oocytes is generally correlated with the development of follicular somatic cells. The initiation of oocyte growth usually coincides with a thickening of the granulosa cell layer, and continued oocyte growth occurs concurrently with proliferation of granulosa cells in preantral follicles (Brambell, 1928) . Follicular antrum formation occurs about the time that oocytes near completion of their growth and acquire the capacity to resume the first meiotic division (Brambell, 1928; Szybec, 1972; Erickson & Sorensen, 1974; Sorensen & Wassarman, 1976) . Oocytes can achieve advanced phases of maturation sequentially, and this development is also correlated, at least temporally, with the progression of follicular development (Sorensen & Wassarman, 1976; . Oocytes of many mammalian species undergo gonadotrophin-induced maturation just before ovulation.
Development of ovarian follicles in mice begins shortly after birth. A large group of follicles develops almost synchronously in neonatal and juvenile mice (Peters, 1969) , so oocytes and follicles at increasing stages of development can be isolated from the ovaries of mice until they are about 1 month old (Szybec, 1972; Mangia & Epstein, 1975; Sorensen & Wassarman, 1976) . Follicular antrum formation occurs in mice when they are approximately 15 days old and this coincides with the acquisition of the capacity of oocytes to undergo germinal vesicle breakdown upon liberation from the follicles and culture in a supportive medium (Szybec, 1972; Sorensen & Wassarman, 1976;  Eppig . Many oocytes isolated at this stage, however, failed to progress through metaphase I and produce a polar body. An increased frequency of polar body production was observed when the oocytes were isolated from mice that were a few days older (Sorensen & Wassarman, 1976; . Acquisition of capacities to undergo germinal vesicle breakdown and subsequently complete meiosis I are, therefore, experimentally separable and sequential events in oocytes.
Oocytes from unprimed immature mice that underwent spontaneous maturation in vitro were fertilized and underwent embryonic development with frequencies that depended on the age of the mice . There was no difference in the frequency of germinal vesicle breakdown or polar body production when oocytes were cultured after isolation from 20-26-dayold mice, nor was there a difference in the frequency of cleavage to the two-cell stage after insemi¬ nation. However, there was a difference in the frequency at which the embryos completed the twocell stage to blastocyst transition; only 30% of the two-cell stage embryos derived from oocytes isolated from 22-day-old mice developed to blastocysts in contrast with 55% of the two-cell stage embryos derived from oocytes isolated from 26-day-old mice (Whitten, 1971) as described previously (Schroeder & Eppig, 1984) A total of 80 follicles was measured for each group. Because the diameters of all the antral follicles in the ovaries were not measured, this method may not exactly describe the profile of the follicle size distribution in whole ovaries. Nevertheless, the method does allow an approximation of the profiles in the four groups of ovaries.
To obtain oocytes from follicles of various sizes, we dissected follicles individually from the ovaries of unprimed 26-day-old mice and divided them into small (299 + 25 µ (mean ± sd); range 240-320 µ ), medium (375 + 20 µ ; 360^100 µ ) and large (445 + 14 µ ; 440-480 µ ) sizes. The diameter of the follicles was then measured with the aid of an ocular micrometer and the oocytes were isolated, matured and fertilized as described previously (Eppig et ai, 1990) .
To obtain oocytes of specific sizes, we isolated oocyte-cumulus-cell complexes from the ovaries of 20-and 26-dayold mice that had been primed with eCG 48 h earlier. Individual oocyte-cumulus-cell complexes were placed in 25 µ drops of medium under washed paraffin oil (Schroeder & Eppig, 1984) . The diameter of each oocyte was then measured with an ocular micrometer. The oocytes underwent maturation in medium not containing FSH and the ova were collected and grouped according to size for fertilization and embryonic development using the previously described protocols (Eppig et ai, 1990) .
Results
Effect of eCG-priming on the developmental capacity of oocytes matured in vitro Priming stimulated follicular development in mice of both ages as shown by (i) the presence of follicles in the 500-600 pm category (proportionally, 15% of total; Fig. 1 ) and (ii) a two-fold increase in ovarian weight at both ages (not shown), and (iii) the recovery of approximately three times as many oocyte-cumulus-cell complexes from primed mice as from unprimed mice of both ages, as described by .
The frequency of cleavage of ova to the two-cell stage was high in all groups, approximately 80 to 90%, after maturation and fertilization in vitro (Fig. 2a) 89,97,89,86; (2) 76,84,84,85; (3) 93,97,83,98; (4) 97,87,97,97; (5) 95,90,92,94; (6) 95,96,86,75; (7) 94,67,97,90; (8) 98,90,92,92; (9) 38,43,44,35; (10) 45,43,39,39; (11) 45,47,54,50; (12) 66,77,65,77; (13) contrast, FSH treatment of maturing oocytes greatly increased the frequency (P < 001) of two-cell stage to blastocyst development in the unprimed 26-day-old mice (50-70%), but not at all in the primed 26-day-old group (Fig. 2b) . Treatment of maturing oocytes isolated from 22-day-old primed mice increased the frequency of two-cell stage to blastocyst development so that it was the same as that for the 26-day-old unprimed group, but this was 25% lower (P < 001) than the FSHtreated 26-day-old unprimed group, and 19% and 29% less (P < 005 and 001 respectively) than control and FSH-treated 26-day-old groups respectively (Fig. 2b) .
Comparison of the developmental capacity of ovulated eggs in 18-, 22-and 26-day-old mice
The developmental competence of in vitro matured mouse oocytes therefore appears to vary depending upon the age and gonadotrophic stimulation of the donor of the oocytes. We then determined whether this result was germane only to mechanically isolated and in vitro matured oocytes or whether a similar result would be observed for oocytes selected by hormonal stimulation and induced to mature in vivo. Eggs from 18-, 22-and 26-day-old eCG-primed mice that were injected with hCG were removed from the ampulla of the oviduct and, after insemination in vitro, 85-90% of the ova cleaved to the two-cell stage in all three groups. In contrast, development of the two-cell stage embryos to blastocysts was 15% higher (P < 005) in the 26-day-old group than in the 22-day-old group, and 34% higher (P < 001) than in the 18-day-old group (Fig. 3) . 
Developmental capacity of in vitro matured oocytes isolated from follicles of different sizes
The oocyte-cumulus-cell complexes were isolated from small, medium and large follicles, and matured and fertilized in vitro as described above. The developmental capacity of the in vitro matured ova differed depending on the size of the follicles (Fig. 4) . The ability of the ova to cleave to the two-cell stage increased with increasing size of the follicle. The frequency of two-cell stage embryo development to blastocysts was much lower (P < 001) for the small follicle group than for the medium and large follicle groups. Fig. 4 Developmental capacity of in vitro matured oocytes of the same size isolated from 20-and 26-day-old mice Oocytes in the same size groups (72-5-77-5 pm, 77-5-82-5 pm and 82-5-87-5 pm) were isolated from medium to large size follicles of 20-and 26-day-old mice, matured, fertilized, and the embryos were cultured in vitro. There was no statistically significant difference (P > 005) in the percentage of embryos from oocytes in the 72-5-77-5 pm group from 20-and 26-day-old mice that completed the two-cell stage to blastocyst transition (Fig. 5) . In contrast, more embryos from the 26-day-old group of 77-5-82-5 and 82-5-87-5 pm oocytes (P < 0-05 and 001, respectively) completed the twocell stage to blastocyst transition than embryos from oocytes of the same respective size groups from 20-day-old mice (Fig. 5) . In embryos in the 20-day-old group, there was no difference in the frequency of two-cell stage to blastocyst development among any of the size groups. In contrast, embryos from oocytes of the largest size group isolated from 26-day-old mice completed the twocell to blastocyst transition at a higher frequency (100%) compared with embryos from the smaller oocytes isolated at this age (P < 001).
Discussion
The immature mouse ovary was used as a model system for assessing the effects of (i) gonadotrophic stimulation in vivo and in vitro, and (ii) follicle and oocyte size on the developmental capacity of oocytes. It was shown previously ) that oocytes isolated from the antral follicles of unprimed 16-28-day-old mice differ in their developmental capacity. Although in vitro matured oocytes isolated from 20-28-day-old mice cleaved to the two-cell stage at the same frequency after insemination in vitro, the frequency with which the embryos completed the two-cell stage to blastocyst transition was much greater in embryos derived from oocytes 77-5-82-5 Oocyte diameter (µ ) (5) 55,64,80,100; (6) 100,100,100,100.
isolated from the older mice . This observation indicated that oocytes sequentially acquire the capacity to develop to more advanced stages of preimplantation embryo development and that this acquisition is correlated with advancing follicular development. The antral follicles present in the ovaries of immature mice advance in size and development with age (Peters, 1969) . Similarly, the average size of oocytes isolated from the antral follicles increases with age . Results presented here indicate that the frequency with which embryos derived from oocytes that mature in vitro complete the two-cell stage to blastocyst tran¬ sition is differentially affected by (i) stimulation of follicular development in vivo by exogenous gonadotrophins, and (ii) stimulation of the maturing oocytes in vitro by FSH, depending on the age of the oocyte donor. In addition, the developmental capacity of oocytes was shown to depend upon the size of the follicle from which the oocytes were isolated, but not strictly upon the size of the oocyte.
When mice were primed with eCG 48 h before oocyte isolation from 22-and 26-day-old mice, a dramatic increase in follicular growth was stimulated in both groups. An increased number of embryos derived from the 26-day-old group completed the two-cell stage to blastocyst transition. Thus, even though follicular development was accelerated by priming in the 22-day-old group so that the frequency distribution of various size groups of antral follicles was the same as in primed 26-day-old mice, oocyte development in the younger group was not coordinately accelerated. The developmental programmes of oocytes and follicles are, therefore, experimentally separable. Gonadotrophin-priming of immature rats also increased the frequency of/« vitro fertilization after in vitro maturation (Zhang & Armstrong, 1989) . These results suggest that gonadotrophins can accelerate oocyte development, but only in the more developed follicles.
FSH treatment of maturing oocytes has been reported to increase the frequency of embryos completing the two-cell stage to blastocyst transition (Downs et ai, 1986; Schroeder et ai, 1988 (Oxberry & Greenwald, 1982) .
The developmental capacity of in vitro matured mouse oocytes varied depending upon the age of the donor of the oocytes. This difference in developmental capacity was also found when the oocytes were matured in vivo and recovered from oviducts after superovulation. This observation supports the hypothesis that hormonal stimulation of accelerated follicular development does not necessarily promote accelerated development of oocytes and supports the idea that follicle and oocyte development can be separated experimentally.
The developmental capacity of oocytes increased with increasing follicular size and similar results have been reported using in vitro matured bovine oocytes (Tan & Lu, 1990 ). There was a follicle-size-dependent difference both in the frequency of cleavage to the two-cell stage and in completion of the two-cell to blastocyst transition. Thus the developmental capacity of the oocytes from the group of small follicles of 26-day-old mice was similar to that of oocytes from the largest follicles of 18-day-old mice .
The oocytes isolated from the antral follicles of 26-day-old mice were larger than those isolated from the antral follicles of 20-day-old mice . It is possible, therefore, that the increased developmental capacity of oocytes isolated from the 26-day-old mice compared with those isolated from younger mice may simply be due to the larger size of the oocytes. Nevertheless, oocytes isolated from 20-day-old mice completed the two-cell stage to blastocyst transition much less frequently than oocytes of the same size isolated from 26-day-old mice. Oocytes of the same size can therefore be qualitatively different in a way that is manifested in their capacity to complete the two-cell stage to blastocyst transition. These qualitative differences in the oocytes of the same size appear related to the physiological and developmental status of the oocyte donor. Neverthe¬ less, the largest oocytes obtained from 26-day-old mice showed the highest frequency of completion of the two-cell stage to blastocyst transition. Thus, even though oocyte size is not the sole correlate of the best developmental capacity, larger oocytes do exhibit a greater developmental capacity when they are isolated from the most advanced follicles.
The most dramatic effects seen were not in the ability of the ova to become fertilized and cleave to the two-cell stage after insemination, but in the ability of the two-cell stage embryos to develop to the blastocyst stage. Thus processes involved in oocyte development, both before and during oocyte maturation, are directly related to their capacity to complete the two-cell stage to blastocyst transition. The ability of gonadotrophins to affect this developmental process in oocytes depends
